This paper describes a simple, rapid, and effective quality assessment method for Fructus Schisandrae by gas chromatography-mass spectrum (GC-MS). The method was established by using specific lignan fingerprint profiles and quantitation of characteristic compounds in this herbal medicine. The GC-MS fingerprints of 15 batches of Schisandra samples from different regions of China showed similar lignan profiles. Five peaks were selected as characteristic peaks, and all of these were identified by using GC-MS techniques. The relative retention times of these characteristic peaks in the GC-MS fingerprint were established as an important parameter for identification of Schisandra samples. Meanwhile, relative peak areas may be a feasible approach to discriminate the S. chinensis and S. sphenanthera. Finally, these pharmacologically active constituents in the titled plant, schisandrins A-C and schizandrols A and B, were quantitatively determined using a validated GC-MS method.
Introduction
Traditional Chinese Medicines (TCMs) have made great contribution to the health of Chinese people for thousands of years due to its special clinical efficacy [1] . Gradually, TCMs have been attracting interest and acceptance in many western countries. This may be primarily because of the general belief that herbal drugs are without any side effect besides being cheap and locally available [2] . However, the quality of TCMs had an important influence on its clinical efficacy due to their different species, harvest season, storage, and geographic origins [3] . Therefore, quality control of TCMs is becoming extremely urgent. There is no denying the fact that multicomponents of TCMs are responsible for the therapeutic effects by the multipath-assisted multitarget approach. Therefore, in recent years, there is an increasing trend to establish multicomponents analysis for the effective quality control of TCMs [4] [5] [6] .
Fructus Schisandrae, the ripe fruits of Schisandra sphenanthera Rehd. et Wils and S. chinensis (Turcz.) (Schisandraceae), is one of the most famous TCMs and has been widely used for thousands of years in China. Since the 2000 edition of Chinese Pharmacopoeia, the fruits of S. sphenanthera and S. chinensis have been accepted as two different crude drugs, "Nan-wuweizi" (Fructus Schisandrae Sphenanthera) and "Bei-wuweizi" (Fructus Schisandrae Chinensis) [7] , which distributed in the southern provinces (Shanxi, Shaanxi, Gansu, Shandong, Jiangsu, etc.) and northern provinces of China (Heilongjiang, Jilin, Liaoning, Neimenggu, etc.), respectively. Wuweizi has been utilized as a sedative and tonic to treat various diseases such as chronic cough and dyspnea, nocturnal emission, spermatorrhea, enuresis, and frequent urination and could also be used as flavouring agent of foods [8] . Moreover, many Chinese medicinal preparations containing Wuweizi or its extract are widely used in China, such as "Hugan tablet, " "Jiangtang pills, " "Compound Schisandra Syrup, " "Shenqi Wuweizi tablet, " and "Shengmaiyin, " [9, 10] .
Modern pharmacological research has demonstrated that most of the biological actions and the pharmacological effects of Wuweizi can be attributed to its dibenzocyclooctadienetype lignans, which have been elucidated to play an important role in antioxidant, anti-inflammatory, anxiolytic effect, protective hepatic injury, acetylcholinesterase inhibitory effect, and stimulation of the carbohydrate-phosphorus metabolism, and so forth [8, [11] [12] [13] [14] . Thus, quantitative analysis of multiple-lignans in Fructus Schisandrae is very essential to control its quality. In terms of quantitative analysis of S. sphenanthera and S. chinensis, many analytical methods have been reported for the determinations of lignans, including HPLC with UV detection, HPLC with mass spectrum (HPLC-MS), and capillary electrophoresis (CE) [9, [15] [16] [17] [18] [19] [20] . Despite the fact that HPLC and CE coupled with UV detector are very useful for the determination of lignans in Schisandra sample, they are powerless to be used for identifying constituents. Additionally, HPLC-MS instruments are still inaccessible for most of laboratories worldwide.
Though gas chromatography-mass spectrometry (GC-MS) is commonly used to determine the volatile components of herb medicines, it has been successfully applied to detect some thermally stable lignans in essential oil fractions of S. chinensis with supercritical fluid extraction [21] [22] [23] . Moreover, as far as our knowledge, there are no reports of the application of GC-MS in assays dedicated to study quality control of S. chinensis and S. sphenanthera by lignan chromatography profiles. To establish an improved quality assessment method for Fructus Schisandrae, such a fundamental truth promotes our interests and encourages us to consider applying GC-MS fingerprint profiles combined with quantification of multiingredients for quality evaluation of Fructus Schisandrae. Due to the powerful separation efficiency and the sensitive detection, GC-MS has become a popular and useful analytical tool in the research field of herbal medicines [24] .
In the present study, GC-MS fingerprint profiles can provide sufficient qualitative information for the identification and authentication of Fructus Schisandrae by ultrasoundassisted extraction (UAE). Five active components, namely, Table 4 . HPLC grade methanol (MeOH) was purchased from Dikama Technology Corporation (Richmond Hill, USA). All other reagents were of analytical grade.
GC-MS Apparatus and Conditions.
The analyses were performed using an Agilent 7890A-5975C instrument equipped with a DB-17 fused-silica capillary column (60 m × 0.25 mm × 0.25 um) and an Agilent 5975C MS detector. One
The Scientific World Journal 3 microlitre of the sample was injected into GC-MS using split mode (5 : 1). The purge flow was 1.2 mL/min. The injector temperature was 250 ∘ C. The operation was performed at a column temperature program from 120 ∘ C to 250 ∘ C at 10 ∘ C/min, then increasing to 280 ∘ C at 5 ∘ C/min and finally holding for 30 min at 280 ∘ C. All data were obtained by collecting the full-scan mass spectra within the scan range of 40-600 amu.
Preparation of Sample Solutions.
The dried powders of Schisandra samples (0.25 g, 60 mesh) were accurately weighed and extracted by ultrasonic with 10 mL methanol solution for 40 min at 60 ∘ C and 70 kHz under ultrasonic irradiation. Then, the resultant mixture was adjusted to the original weight with methanol and the supernatant was filtered through 0.22 m membrane before GC-MS analysis.
Method Validation.
A methanol stock solution containing all 5 reference standards was prepared by dissolving the reference standards in methanol to a final concentration of 0.40 mg/mL for each reference standard, then diluted the mixture stock solution to appropriate concentration to establish calibration curves. Each calibration curve concentration was performed in triplicate. All calibration curves were constructed from one ten thousandth of peak areas of reference standards ( × 10 −4 ) versus their concentrations ( , mg/mL). The lowest concentration of working solution was diluted with methanol to yield a series of appropriate concentrations, and the LOD and LOQ under the chromatographic conditions were separately determined at an / of 3 and 10, respectively. The measurement of intra-and interday variability was utilized to determine the precision of this newly developed method. The intraday variation was determined by analyzing the same mixed standard methanol solution for six times within 1 day. While for interday variability test, the solution was examined in triplicate for 3 consecutive days.
Results and Discussion

Optimization of Sample Extraction Conditions.
In order to obtain quantitative extraction, UAE was optimized with methanol as an extract solvent. Ultrasonic technique is being used widely in analytical chemistry, facilitating different steps in the analytical process, particularly in sample preparation. UAE is an expeditious, inexpensive, and efficient alternative to traditional extraction techniques [25] . The variables involved in the procedure such as volume of methanol, extraction time, sonication frequency, and extraction temperature were investigated by using 0.25 g plant sample. Effects of the solvent volume (10; 20; 30; 40; 50 mL) on the extracting yield were tested with different volumes of methanol and the extraction for 15 min at 40 ∘ C and 60 kHz. The maximum yield was obtained at 10 mL. Normally, the usage of larger volume of solvent for extraction is able to obtain higher yields. However, this result was special, and the same circumstance was found for ultrasound-assisted extraction of phillyrin from Forsythia suspensa [26] .
Extraction time had a close relationship with extraction efficiency. In the assay, extraction efficiency in samples was compared by sonication with 10 mL of methanol at 40 ∘ C and 60 kHz for 10, 15, 20, 30, 40, and 50 min, respectively. The results indicated that the highest extraction efficiency was obtained by sonication for 40 min in pure methanol. In this study, effects of different temperatures (30, 40, 50, 60 , and 70 ∘ C) and sonication frequencies (40, 50, 60, 70, and 80 kHz) on the extracting yield were also investigated. By comparing peak areas of the five investigated components, it was found that, when 60 ∘ C and 70 kHz was employed, the peak areas of the five investigated components reached the highest values.
From the above experiments, it was demonstrated that the most suitable UAE condition for lignans from Fructus Schisandrae was 0.25 g plant sample with 10 mL of methanol and the extraction for 40 min at 60 ∘ C and 70 kHz under ultrasonic irradiation.
Optimization of GC-MS Conditions.
Optimization of GC-MS parameters was done through investigating the influence of the column, temperature program, and split ratio on the information content. Capillary columns OV-17, DB-17, and DB-5 were screened. DB-17 column showed higher resolution and shorter analysis time than those obtained on the other two columns. Temperature program and split ratio were also studies. Finally, the optimized GC-MS analysis condition was developed for specific analysis of lignans in Fructus Schisandrae, as stated in instrumentation and conditions section above.
GC-MS Fingerprint Identification and Discrimination.
Though a number of lignan constituents have to be derivatization for detection by GC-MS [27, 28] , some specific dibenzocyclooctadiene-type lignans in Fructus Schisandrae were directly detected by GC-MS without derivatization. Figure 2 showed three typical fingerprint profiles of standards S. chinensis and S. sphenanthera under the optimized UAE and GC-MS conditions. There are many terpenes and fatty acid derivatives in Wuweizi samples before 20 minutes, which were in agreement with previous studies [21] . However, at present study, we focused on lignan components for separation and detection.
The GC-MS fingerprint profiles of 15 batches of samples were obtained from different regions of China. These samples showed similar lignan profiles after 20 minutes. By carefully analyzing the fingerprint profiles of these samples, five interest peaks were selected as characteristic peaks for the identification of the crude drugs originating from S. chinensis and S. sphenanthera. Peak 1 was selected as the marker peak due to acceptable heights and good resolution. Relative retention times (RRTs) and relative peak areas (RPAs) of the five characteristic peaks were calculated as follows: RRT = retention time of characteristic peak/retention time of marker peak, and RPA = peak area of characteristic peak/peak area of marker peak.
GC-MS was further used to identify the chemical constituents of the Schisandra lignans. Table 1 matched with those obtained for the pure standards for each of the components of interest 1-5, thus confirming their identity. As listed in Table 1 , these five components exhibited their quasi-molecular ions [M] + . Their fragmentation patterns are well matched with their chemical structures [22] . Thus, five interest peaks (1) (2) (3) (4) (5) in the GC-MS fingerprint profile were unambiguously identified as schisandrin A (1), schisandrin B (2), schisandrin C (3), schisandrol A (4), and schisandrol B (5), respectively. According to the / values and retention features, the five components were identified from methanol extract of 15 batches of Wuweizi samples.
RPAs of the five characteristic peaks varied dramatically (RSD% ≥ 93.817), but the RRTs showed excellent consistency (RSD% ≤ 0.098) ( Table 2 ). Thus, RRT should be a suitable parameter for identification of Schisandra samples. Therefore, a sample with a similar GC-MS lignan profile and matched RRT values (Table 2 ) to the typical fingerprint chromatogram shown in Figures 2(b) and 2(c) can be authenticated as genuine S. chinensis and S. sphenanthera. Furthermore, RPA seems to be a suitable parameter for discrimination of Schisandra samples, especially peak ratios between schisandrin B (2) and schisandrin A (1) and between schisandrol A (3) and schisandrin A (1). As can be seen from Table 2 , S. chinensis samples (1-11) produced RPA value of 2/1 that ranged from 0.7 to 5.5, but S. sphenanthera (12) (13) (14) (15) samples produced the ratios of 2/1 which is less than 0.1. Similarly, the former had much higher rations of 4/1 from 1.1 to 11.0 than those of the later of less than 0.12. The results indicated that it may be a feasible approach to discriminate the S. chinensis and S. sphenanthera by the RPA values of 2/1 and 4/1. However, our hypothesis should be further confirmed by testing more Schisandra samples. Table 3 , all calibration curves showed good linear regression ( 2 ≥ 0.9990) within the test ranges. The LOD ( / = 3) and the LOQ ( / = 10) were less than 0.063 and 0.185 g/mL for all analytes. In many cases of GC/MS analysis, the LOD could be greatly decreased by adjusting the sample volume, the detection mode, such as scan or selected ion monitoring, and the injection mode [29] . The intraday and interday precisions were less than 1.29%. A recovery study was performed to validate the accuracy of the developed method. Sample 2 (0.25 g) was spiked with different levels (50, 100, and 150%) of known amounts of the compounds 1-5. The spiked samples were extracted with 10 mL methanol following the procedure for sample preparation as described above. The recovery was determined by comparing the amount of analyte added to the sample and the amount of analyte detected during GC-MS analysis. As shown in Table 4 , the developed analytical method provided good accuracy with the recoveries from 96.36 to 105.42%, with RSDs of less than 2.14% for the analytes. Hence, this verified GC-MS method was precise, accurate, and sensitive for the quantitative evaluation of major active components in S. chinensis and S. sphenanthera.
Quantitative Determination
Method Validation. As shown in
Sample Analysis.
A number of pharmacological activities of these five components were previously reported [12] [13] [14] 30] . Qualitative and quantitative analysis of these characteristic constituents could play an important role in evaluating and controlling the quality of Schisandra samples. The developed GC-MS method was then successfully 6
The Scientific World Journal The results showed that there were remarkable differences in the contents of the five compounds in 15 batches of Schisandra samples (Table 5 ). The total content of the five lignans changed from 7.77 to 15.513 mg/g which was found in S. chinensis. However, the contents of these lignans were less than 6.6 mg/g in S. sphenanthera. Among the five lignans, the contents of schisandrol A and schisandrin B were higher in S. chinensis than those from S. sphenanthera. However, the contents of schisandrin A were higher in S. sphenanthera than those from S. chinensis, which were in agreement with previous studies [31] . These variations might be on account of the different species, plant origins, harvesting time, storage conditions, and so forth. The variation in contents of active components may cause changes in clinical efficacy. So, our results further confirmed that it is reasonable to classify fruits of S. sphenanthera and S. chinensis as two different crude drugs since the 2000 edition of Chinese Pharmacopoeia [7] .
This recognition can be further confirmed by principalcomponents projection analysis (PCA) using the contents of the 5 characteristic compounds that were performed on the analytical data of all 15 samples. Obviously, except for sample 12, other tested samples apparently form into two big clusters according to different species, the S. chinensis cluster and S. sphenanthera cluster (Figure 3 ), indicating that a global chemical difference was present between the two species. However, within the same species, the clustering was not very closely packed and some individual samples were sparsely distributed. This also implies that plant origins, harvesting time, processing, and storage conditions will have an important influence on their qualities.
Conclusions
There is to date no reports for combining characteristic GC-MS fingerprint profiles with quantitation of multiple-lignans for quality control of Fructus Schisandrae. GC-MS is used to construct characteristic fingerprint profiles for recognition for specific lignans in Fructus Schisandrae. This method can not only give an overview of all the specific lignans detected in Fructus Schisandrae, but also quantitate some active constituents. Thus, this approach can be applied to control the quality of Fructus Schisandrae effectively. We expected that GC-MS fingerprint profiles with quantitation of multiple-lignans can be used as an effective alternative quality assessment model for Fructus Schisandrae.
